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(54) Internal combustion engine 

(57) An internal combustion engine is provided 
which Is selectively operat)le in the first combustion 
mode in which the amount of EGR gas in the combus- 
tion chamber (5) is larger than that of the EGR gas with 
which the amount of soot generated reaches a peak, 
and the second combustbn mode in whteh the amount 
of EGR gas in the combustion chamk)er (5) is smaller 
than that of the EGR gas with which the amount of soot 
generated reaches the peak. A partteulate trapping 
device (1 8) that canies an NOx absorbent is disposed in 
an exhaust passage of the engine. When the tennpera- 
ture of the partteulate trapping device (18) should be 
increased to a tempeFBtiire level at whteh partteulates 
can be burned, the average air-fuel ratk) in the combus- 
tion chamber (5) is temporarily controlled to be richer 
than the cun^nt average air-fuel ratk>. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

[0001] The present invention relates to a compres- 
sion ignition type internal combustion engine. 

2. Discussion of Related Art 

[0002] In conventiorml intemal combustion engines, 
such as diesel engines, an engine exhaust passage and 
an engine intalce passage are connected to each other 
through an exhaust recirculation (hereinafter abbre- 
viated to'EGR") passage so as to prevent or suppress 
generation of NOx, such that exhaust gas, or EGR gas, 
may be recirculated into the engine Intake passage 
through the EGR passage. In this case, since the EGR 
gas has a relatively high specific heat, and is thus able 
to atxsorb a large quantity of heat, the combustion tem- 
perature within the combustion chamber decreases as 
the amount of EGR gas increases, namely, the EGR 
rate (the amount of EGR gas / the amount of EGR gas 
plus the amount of intaJce air) increases. The amount of 
NOx generated is reduced with a reduction in the com- 
bustion temperature, and therefore the amount of NOx 
generated is reduced with an increase in the EGR rate. 
[0003] It is known in the art that the amount of NOx 
produced can be reduced by increasing the EGR rate. 
As the EGR rate is increased, however, the amount of 
soot, or smolce, generated by the engine starts rapidly 
increasing when the EGR rate exceeds a certain limit 
With regard to this pdnt, it was conventionally consid- 
ered that smoke increases without limit as the EGR rate 
increases, and therefore the EGR rate at whk:h smoke 
starts rapidly Increasing was regarded as the maximum 
pemiissit>le limit 

[0004] Accordingly, the EGR rate is conventionally 
set within a range that does not exceed the maximum 
permissible limit. While the maximum permissible limit 
of the EGR rate greatly vEuies depending upon the type 
of the engine and the fuel, it is generally within a range 
of about 30% to 50%. In conventional diesel engines, 
therefore, the EGR rate is controlled to about 30% to 
50% at the maximum. 

[0005] Since the EGR rate was conventionally con- 
sidered to have the maximum permissible limit, the EGR 
rate was selected within the range that does not exceed 
the. maximum pemnissible limit so that the amount of 
smoke generated is reduced to be as small as possible. 
However, even if the EGR rate is determined so that the 
amounts of NOx and smoke generated are minimized, 
there is a limit to reduction in the amount of NOx and 
smoke generated, and in fact substantial amounts of 
NOx and smoke are still generated in actual engine 
operations. 

[0006] In the course of studies on combustion of 



diesel engines, it was found that although smoke rapidly 
increases as descnbed above as the EGR rate is made 
larger than the maximum pemnissible limit, there is a 
peak in the amount of smoke generated, and smoke 
starts rapidly decreasing if the EGR rate is further 
increased beyond this peak, it was also found that 
almost no smoke is generated, namely, almost no soot 
is produced, if the EGR rate is controlled to be equal to 
or greater than 70% during klling of the engine, or con- 
trolled to be equal to or greater than at)out 55% where 
the EGR gas is powerfully cooled down. It was also 
found that the anx)unt of NOx generated at this time is 
conskierably small. A furttier analysis was made based 
on the above facts, in an attempt to find a reason why no 
soot is generated in the above case, and eventually an 
appropriate combustion system that pemiits simultane- 
ous reduction in soot and NOx was developed. While 
this type of combustion system will be described in 
detail later, the bask: idea for the 'system is that growth 
of hydrocart>on is stopped midway before hydrocart>on 
turns into soot 

[0OO7] More spedficaily, it was revealed from fur- 
ther experiments and studies that growth of . hydrocar- 
bon is stopped midway before hydrocart)on turns into 
soot when the temperature of the fuel and its surround- 
ing gas is equal to or lower than a certain temperature, 
and hydrocart>on grows or turns Into soot in a moment 
when the temperature of the fuel and its sunounding 
gas becomes higher than the above certain tempera- 
ture. In this case, the temperature of the fuel and its sur- 
rounding gas is greatly influenced by the heat at>sorbing 
function of gas tiiat is present around the fuel upon 
combustion thereof, and the temperature of the fuel and 
its sunounding gas can be controlled by adjusting the 
quantity of heat absort>ed by the gas around the fuel, 
depending upon the quantity of heat generated upon 
combustion of the fuel. 

[0008] Thus, no soot is produced if the temperature 
of the fuel and its sum>unding gas upon connbusdon 
within the combustion chamber is controlled to be lower 
than a temperature range in whk:h growth of hydrocar- 
bon is stopped midway, and the control of the tempera- 
ture of the fuel and its sunt>unding gas can be 
performed by adjusting the quantity of heat absort>ed by 
the gas surrounding the fuel. The hydrocarbon whose 
growth was stopped midway t>efore turning into soot 
can be easily purified through after-treatment u^ng an 
oxkiizing catalyst or the like. This is the basic idea of the 
above type of combustion system. 
[0009] Although the akx>ve mentioned type of com- 
bustion system permits soot and NOx to be reduced at 
the same time, partcu^tes are still discharged from the 
combustion chamt>er. In view of this, the assignee of the 
present applk»tion has proposed an intemal combus- 
tion engine (as disclosed in Japanese Patent Appfica- 
tion No. 10-105017) wherein a particulate trapping 
devk:e is disposed within the engine exhaust passage, 
for trapping particulates discharged from the comtujs- 
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tion chamber, and combustion is perfbmfied in a new 
manner with the average air-fuel ratio being In a lean 
range so that unbumed HC discharged from the com- 
bustion chamber is oxidized in the particulate trapping 
devk:e» with a result of an increase in the temperature of 
the particulate trapping device, whereby the particulates 
trapped by the particulate trapping device can be 
burned. 

[0010] Where the average air-fuel ratio within the 
combustion chamber is lean, however, the amount of 
unbumed HC discharged from the combustion chamber 
is not large enough to increase the temperature of the 
particulate trapping device to a level at which the partic- 
ulates can be bumed. It is thus difficult to favorably bum 
particulates. 

SUMMARY OF THE INVENTION 

[001 1 ] It is therefore an object of the present inven- 
tion to provide an enhanced Intemal combustion 
engine. 

P012] The object may be accomplished by an 
apparatus having the fieatures of daim 1 . 
[001 3] The atnyve object may also be accomplished 
by a method having the features of daim 17. 
[0014] According to the present invention as 
described above, when particulates should be bumed, 
the temperature of the particulate trapping device can 
be rapidly raised to a level at which the particulates can 
be tnjmed. 

[0015] In one preferred fonm of the present inven- 
tion, an exhaust gas recirculation system is provided for 
redrculating exhaust gas discharged from the combus- 
tion chamber, into an engine intake passage, and the 
Inert gas consists of the exhaust gas redrculated by the 
exhaust gas redrculation system. 
[0016] While the above object is accomplished tsy 
the combination of features of daim 1 or claim 1 7, sub- 
claims depending therefrom disclose further advanta- 
geous ennbodffnents of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

Rg. 1 is a view showing the whole system of a com- 
pression ignition type internal combustion engine 
constructed according to one embodimerrt of the 
present invention; 

Rg. 2 is a diagram showing the amounts of smoke 
and NOx generated and others; 
Rg. 3A and Rg. 3B are diagrams showing the com- 
bustion pressure; 

Fig. 4 is a view showing fuel molecules; 
Fig. 5 is a graph showing the relationship between 
the amount of smoke generated and the EGR rate: 
Rg. 6 is a graph showing the relationship between 
the amount of fuel injected and the amounts of air. 



EGR gas and mixed gas with respect to a required 
toad; 

Rg. 7 is a graph showing a first operating region I 
and a second operating region II; 
5 Rg. 8 is a graph showing the output of an air-fuel 
ratio sensor; 

Rg. 9 is a diagram showing the opening of a throttie 
vah/e and so forth; 

Rg. 10 is a graph showing the air-fuel ratio in the 
10 first operating region I; 

Rg. 11 is a diagram showing a map of the amount 
of fuel to be injected; 

Rg. 12A is a diagram showing a map of a target 
opening of a throttle valve; 
IS Rg. 128 is a diagram showing a map of the target 
opening of an EGR control valve; 
Rg. 1 3 is a graph showing the air-fuel ratio in a sec- 
ond mode of combustion; 

Rg. 14 is a diagram showing a map of the amount 
20 of fuel to be injected; 

Rg. ISA is a diagram showing a map of the target 

opening of the throttle valve; 

Rg. 158 is a diagram showing a map of the target 

opening of the EGR cotrol valve; 
25 Rg. 16A is a view useful in explaining an NOx 

absorbing operation; 

Rg. 168 is a view useful in explaining an NOx 
releasing operation; 

Rg. 17A is diagram showing a map of the amount 
30 of NOx absort>ed per unit time in a first mode of 
combustion; 

Rg. 1 78 is a diagram showing a map of the amount 
of NOx absorbed per unit time in the second mode 
of combustion; 

35 Rg. 1 7C is a diagram showing a map of the amount 
of NOx released per unit time in the first mode of 
combustion; 

Rg. 18 is a flowchart of a routine for setting an NOx 
release flag; 

40 Rg. 1 9 is a flowchart of a routine for setting an SOx 

release flag; 

Rg. 20 is a flowchart of a routine for setting a PM 
combustion flag; 

Rg. 21 is a time chart showing a PM combustion 
45 process; 

Rg. 22 is a time chart showing a PM combustion 
process; 

Rg. 23 is a time chart showing an SOx release 
process; 

so Rg. 24A and Rg. 248 are time charts showing a 
PM combustion and SOx release process; 
Rg. 25 is a flowchart of an engine operating control 
routine; 

Rg. 26 is a flowchart of an engine operating control 
55 routine; 

Rg. 27 is a flowchart of a routine for implementing 

a PM combustion process I; 

Rg. 28 is a flowchart of a routine for Implementing 
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a PM combustion process II; 

Rg. 29 is a flowchart of a routine for implementing 

the SOx release process; 

Rg. 30 is a flowchart of a routine for Implementing 
the PM combustion and SOx release process; 5 
Rg. 31 is a flowchart of a routine for implementing 
the PM combustion and SOx release process; 
Rg. 32 Is a flowchart of a routine for implementing 
the PM combustion and SOx release process; and 
Rg. 33 is a flowchart of a routine for implementing 
the PM combustion and SOx release process. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0018] Rg. 1 illustrates the whole system of an 
Internal combustion engine of four-stroke, connpressfon 
ignition type, to which the present Invention is applied. 
[0019] Refem'ng to Rg. 1, the internal combustion 
engine includes a main body 1 of the engine, cylinder 
block 2, cyfinder head 3, piston 4, and a combustion 
chamber 5. The engine further includes an electrically 
controlled fuel injection vah« 6, intake vah/e 7, intake 
port 8, exhaust valve 9, and an exhaust port 10. The 
intake port 8 conrvnunicates with a surge tank 12 via a 
con^esponding intake branch p'qDe 11, and the surge 
tank 12 is connected to an air cleaner 14 via an intake 
duct 13. A throttle vah« 16 that Is driven an electric 
motor 15 Is disposed within the intake duct 13. On the 
other hand, the exhaust port 1 0 is connected to a partk:- 
ulate trapping device 18 via an exhaust manifold 17. 
[0020] The partknjiar trapping device 1 8 as shown 
in Rg. 1 incorporates a partKulate filter 19 for trapping 
soot and other partteulates contained in exhaust gas. 
While various types of partknilate filters are known in 
the art, the partk^ulate filter 18 as a typical example con- 
sists of a porous ceramte, honeycomb structure. To the 
particulate trapping devce 18 is attached a differential 
pressure sensor 20 adapted for detecting a difference 
between the pressure sensed on the upstream side of 
the partk:ulate filter 19 and that on the downstream side 
thereof. 

[0021] An air-fuel ratio sensor 21 Is disposed within 
the exhaust manifold 17, as shown in Rg. 1. The 
exhaust manifold 17 and the surge tank 12 are con- 
nected to each other through an EGR passage 22, and 
an electrically controlled EGR control valve 23 is dis- 
posed within the EGR passage 22. Also, a cooling sys- 
tem 24 for cooling EGR gas that flows through the EGR 
passage 22 is located around the EGR passage 22. In 
the emt)odiment shown in Rg. 1, engine coolant is fed 
to the cooling system 24 so that the EGR gas is cooled 
by the engine coolant 

[0022] Each fuel injection vah« 6 is connected to a 
fuel reservoir, or a soiled common rail 26, via a fuel 
supply pipe 25. The fuel is supplied from an electrically 
controlled fuel pump 27 whose discharge amount is var- 
iable, into the common rail 28, and the fuel having l^een 



supplied into the common rail 26 is then supplied to 
each fuel injection valve 6 through a corresponding fuel 
supply pipe 25. The comnnon rail 26 is equipped with a 
fuel pressure sensor 28 for detecting the foel pressure 
within the connmon rail 26. In operation, the discharge 
amount of the fuel pump 27 is controlled based on an 
output signal of the fuel pressure sensor 28 so that the 
fuel pressure within the common rail 26 becomes equal 
to a target fuel pressure. 

[0023] An electronk: control unit 30 consists of a 
digital computer, and includes a ROM (read only mem- 
ory) 32, RAM (random access memory) 33, CPU 
(microprocessor) 34, an input port 35 and an output port 
36, which are connected to each other via a bidirec- 
tional bus 31 . Output signals of the differential pressure 
sensor 20 and the air-fuel ratio sensor 21 are respec- 
tively transmitted to the input port 35 via corresponding 
AD converters 37, and an output signal of the foel pres- 
sure sensor 28 is also transmitted to the input port 35 
via a connesponding AD converter 37. The parttoulate 
trapping devrce 18 is provided with a temperature sen- 
sor 29 for detecting the temperature of the partk:ulate fil- 
ter 19, and an output signal of the temperature sensor 
29 is transmitted to the input port 35 via a correspond- 
ing AD converter 37. A load sensor 41 that is connected 
to an accelerator pedal 40 operates to generate an out- 
put voltage that is proportional to the amount of depres- 
sion L of the accelerator pedal 40, and the output 
voltage of the load sensor 41 Is transmitted to the input 
port 35 via a corresponding AD converter 37. To the 
input port 35 is also connected a crank angle sensor 42 
that generates an output pulse each time the crankshaft 
rotates 30^, for example. On the other hand, the output 
port 36 is connected to the fuel Injection valve 6, electric 
motor 15, EGR control valve 23 and the foel pump 27, 
via respective drive dncuits 38. 
[0024] Rg. 2 shows changes in the output torque 
and changes in the discharge amounts of smoke, HO, 
CO and NOx in an experiment in which the air-foel ratfo 
A/F (the horizontal axis in Rg. 2) is varied by changing 
the opening of the throttle valve 16 and the EGR rate 
during low-load operations of the engine. It is under- 
stood from Rg. 2 that the air-fuel ratio A/F decreases as 
the EGR rate is increased in this acperiment, and that 
the air-foel ratio A/F is equal to or entailer than the stoi- 
chiometric air-foel ratk) (» 14.6) when the EGR rate is 
equal to or greater than 65 %. 
[0025] As the air-fuel ratfo A/F is reduced by 
increasing the EGR rate as shown in Rg. 2, the amount 
of smoke generated by the engine starts increasing 
when the EGR rate reaches around 40% and the air- 
foel ratio A/F becomes equal to about 30. If the EGR 
rate is forther increased to thereby reduce the air-foel 
ratio A/F, the amount of smoke generated rapklly 
increases, and reaches its peak. If the EGR rate is kept 
forther increased so as to reduce the air-fuel ratio A/F, 
the amount of smoke is rapidly reduced, and becomes 
substantially equal to zero when the EGR rate is con- 
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trolled to 65% or greater and the air-fuel ratio A/F is 
reduced down to around 15.0. Thus, almost no soot is 
produced. At this time, the output torque of the engine is 
sHghtiy reduced, and the amount of NQx generated by 
the engine is considerably reduced, whereas the 5 
amounts of l-IC and CO generated by the engine start 
increasing. 

[0026] Rg. 3A shows changes in the combustion 
pressure within the comkMJStion chamber 5 when the 
largest amount of smoke is generated with the air-fuel 
ratio A/F being equal to at)out 21. Rg. 3B shows 
changes in ttie comtnjstion pressure within the combus- 
tion chamber 5 when the amount of smoke generated is 
substantially zero with the air-fuel ratio A/F being equal 
to about 1 8. By comparing Rg. 3A with Rg. 38, it will be 
understood that the combustion pressure in the case of 
Rg. 38 where the amount of smoke generated Is sub- 
stantially zero is smaller than tiiat in the case of Rg. 3A 
where a large amount of smoke is generated. 
[0027] it follows from the results of the experiments 
as shown in Rg. 2 and Rg. 3 that the amount of NOx 
generated is considerably reduced when the air-fuel 
ratio A/F Is equal to or smaller than 15.0 and almost no 
smoke is generated, as shown in Rg. 2. The reduction 
in the amount of NOx generated suggests that the com- 
bustion temperature within the combustion chamber 5 is 
towered. Thus, the combustion temperature within the 
combustion chamber 5 is lowered when almost no soot 
is genemted. It is also understood from Rg. 3 that the 
combustion pressure is reduced in the state of Rg. 38 in 
whteh almost no soot is generated, and therefore the 
combustion temperature in the combustion chamber 5 
is lowered. 

[0028] As shown in Rg. 2, the amounts of HO and 
GO discharged from the combustion chamber increase 
as the amount of smoke generated, or the amount of 
soot generated, becomes equal to sut)stanttally zera 
This means that hydrocart)on is discharged without 
turning into soot. Namely, straight chain hydrocartwn or 
aromatic hydrocart>on contained in the fuel as shown In 
Rg. 4 thermally decomposes to fomri a precursor of soot 
as the temperature is raised with a lack of oxygen, and 
then soot is produced whk:h mainly consists of a solid 
as an aggregate of cartx>n atoms. In this connection, 
the actual process of formation of soot is compricated, 
and the form taken by the precursor of soot is not dear, 
tn any event, hydrocarbon as shown in Rg. 4 grows or 
turns into soot after being converted into a precursor of 
soot While the anrmunts of HC and CO discharged from 
the combustion chamber increase as shown in Rg. 2 
when the amount of soot generated becomes sut>stan- 
tially zero, as descn*k>ed above, HC discharged at this 
time is regarded as a precursor of soot or hydrocarbon 
in the state prior to the precursor. 
[0029] It follows from the above considerations 
based on the results of experiments as shown in Rg. 2 
and Rg. 3 that the amount of soot generated becomes 
substantially zero when the combustion temperature 



within the combustion chamber 5 is low, and a precursor 
of soot or hydrocart)on in the state prior to the precursor 
Is discharged from the comk>ustion chamber 5. Further 
experiments and studies revealed that the process of 
fomnation of soot is stopped midway, namely, no soot is 
produced, when the temperature of the fuel and its sur- 
rounding gas within the combustion chamber 5 is equal 
to or lower than a certain temperature, and soot is pro- 
duced where the temperature of the fuel and its sur- 
rounding within the combustion chamber 5 is hfe|her 
than the above-lndcated certain temperature. 
[0030] The temperature of the fuel and its sunound- 
ing gas at which the growth process of hydrocartx>n 
stops or ends in the state of a precursor of soot namely, 
the above-described certain temperature, cannot be 
detemiined as a specific level since its depends upon 
the type of the fuel, air-fuel ratio, oornp'resslon ratio and 
ottier factors. Nevertheless, the above certain tempera- 
ture has a ck>se relationship with the amount of NOx 
generated, and can be therefore defined by some 
degree based on the amount of NOx generated. 
Namely, as the EGR rate increases, the temperature of 
the fuel and its surrounding gas is k)wered, and the 
amount of NOx generated is reduced. Almost no soot is 
produced when the amount of NOx generated is 
reduced to about 10 p.pm or smaller. Accordingly, the 
above-tndkxited certain temperature is substantially 
equal to the temperature at which ttie amount of NOx 
generated is about 10 p.p.m. or smaller. 
[0031] Once soot is produced, it is impossible to 
purify the soot through an after treatment using a cata- 
lyst having an oxidizing function. To the contrary, a pre- 
cursor of soot or hydrocarbon in the state prior to that 
can be easily purified through an after treatment using a 
catalyst having an oxidizing function. Taking account of 
the after treatment using a catalyst having an oxidizing 
function, a considerat>ly large differerx^e arises as to 
whether hydrocartx)n is discharged from the combus- 
tion chamk>er 5 in the form of a precursor of soot or its 
prevk>us state, or in the form of soot The novel combus- 
tion system used in the present invention is character- 
ized by discharging hydrocartxjn in the form of a 
precursor of soot or its previous state from the combus- 
tion chamber 5 without producing soot in the combus- 
tion chamber 5, and oxidizing the thus discharged 
hydrocarbon by means of a catalyst having an oxidizing 
function. 

[0032] To stop the growtti of hydrocari^on in the 
state prior to formation of soot, the temperature of the 
fuel and its sun^ounding gas during combustion in the 
comt>ustlon chamber needs to be controlled to be lower 
than the temperature level at which soot is normally 
formed. In this case, it is found that the temperature of 
the fuel and its sun^ounding gas, whteh is to be reduced, 
is greatiy influenced by the heat absorbing function of 
gas surrounding the fuel upon its combustion. 
[0033] More specifically, if only the air exists around 
fuel, the fuel that has evaporated immediately reacts 
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with oxygen in the air and bums. In this case, the tem< 
perature of the air away from the fuel is not elevated so 
much, and only the temperature around the fuel is 
locally elevated to a considerably high level. Namely, the 
air present away from the fuel hardly functions to absorb 
combustion heat of the fuel. In this case, the combustion 
temperature is locally raised to an extremely high level, 
and therefore unburned hydrocart>on is exposed to the 
combustion heat, thereby to form soot 
[0034] In the case where the fuel exists In a mixture 
of a large amount of inert gas and a small amount of the 
air, evaporative fuel diffuses around, and reacts with 
oxygen that is mixed with the inert gas, and bums. In 
this case, the combustion heat Is absort>ed by the sur- 
rounding inert gas, and therefore the comtnistion tem- 
perature does not rise so much, namely, the combustion 
temperature may be limited to a relatively low level. 
Thus, the inert gas present in the combustion chamber 
plays an important role in lowering the combustion tem- 
perature, and thus the combustion temperature can be 
controlled to a relatively low level, utilizing the heat 
absorbing function of the inert gas. 
[0035] In the above case, it is necessary to provide 
inert gas in an amount terge enough to at>sorb a suffi- 
cient quantity of heat so as to control the temperature of 
the fuel and its sunounding gas to be lower than the 
level at which soot is normally formed. Thus, a required 
amount of inert gas increases with an increase in the 
amount of the fuel used for comtnistion. In this connec- 
tion, the inert gas performs a more powerful or effective 
heat at)sorbing function as the specific heat of the inert 
gas is larger, and it is therefore preferable to use a gas 
having a larger specific heat as inert gas. Since CO2 
and EGR gas have a relatively large specific heat, it is 
desirable to use EGR gas as the inert gas. 
[0036] Rg. 5 shows the relationship between the 
EGR rate and snrake when the EGR gas is used as inert 
gas and the EGR gas Is cooled by varying degrees. In 
Rg. 5, curve A represents the case where the EGR ^s 
is powerfully cooled, and the tenrrperature of the EGR 
gas is maintained at about 90 ^C, and curve B repre- 
sents the case where the EGR gas is cooled by a small- 
sized cooling system, while curve C represents the case 
where the EGR gas is not forcibly cooled. 
[0037] Where ttie EGR gas is powerfully cooled as 
indicated by curve A In Rg. 5, ttie amount of soot gener- 
ated by the engine reaches a peak at a point where the 
EGR rate is a littie smaller than 50%. In this case, 
almost no soot is produced if the EGR rate is controlled 
to be approximately 55% or greater 
[0038] Where tiie EGR gas is cooled by some 
degree as indicated by curve B in Rg. 5, on the other 
hand, the amount of soot generated reaches a peak at 
a point where the EGR rate is a littie larger than 50%. In 
this case, almost no soot is produced if the EGR rate is 
controlled to be approximately 65% or greater. 
[0039] Where the EGR gas is not forcibly cooled as 
indicated by curve C in Rg. 5, the amount of soot gen- 



erated reaches a peak at a point where the EGR rate is 
in the vfcinity of 55%. In this case, almost no soot is pro- 
duced if the EGR rate is controlled to be approximately 
70% or greater. 

5 [0040] Rg. 5 shows the amount of smoke gener- 
ated by the engine when the engine load is relatively 
high. As the engine bad is reduced, the EGR rate at 
which the amount of soot generated reaches a peak is 
slightly reduced, and the lower limit of the EGR rate at 

10 whteh almost no soot is produced is also slightly low- 
ered. Thus, the lower limit of the EGR rate at whfeh 
almost no soot is produced varies depending upon the 
degree of cooling of the EGR gas and the engine foad. 
[0041] Rg. 6 shows the amount of a mixed gas of 

IS EG R gas used as inert gas and the air, whch is required 
for reducing the temperature of the fuel and its sur- 
rounding gas upon combustion to be lower than the 
level at whk:h soot is produced, the proportion of the air 
in the mixed gas, and the proportion of the EGR gas in 

20 the mixed gas. In Rg. 6, the vertical axis indnates the 
overall amount of gas that is introduced into the com- 
bustion chamber 5, and one-dot chain line indcates the 
overall amount of gas that is introduced into the com- 
bustion chamk)er when the engine Is not supercharged. 

25 The horizontal a)ds indicates the required load, and Z1 
indicates a low-load engine operating region. 
[0042] Referring to Rg. 6, the proportion of the air, 
namely, the amount of the air contained in the mixed 
gas, represents such an amount of the air that is 

30 required for completely burning the fuel injected into the 
combustion chamber. Namely, in the case shown in Rg. 
6, the ratio of the amount of the air to that of the fuel 
injected is equal to the stoichiometric air-fuel ratio. The 
proportion of ttie EGR gas in Rg. 6, namely, the amount 

35 of the EGR gas contained in the mixed gas, represents 
the minimum amount of EGR gas that is at least 
required for making the temperature of the fuel and Hs 
surrounding gas lower than the temperature level at 
whk^ soot is formed. This amount of EGR gas, as rep- 

40 resented by EGR rate, is approximately 55% or greater, 
arxj it is 70% or greater in the example of Rg. 6. 
Namely, if the overall amount of intake gas introduced 
into the combustion chamber 5 is controlled as indi- 
cated by solid line X in Rg. 6, and the ratio of the 

45 amount of the air to that of the EGR gas in the whole 
intake gas is controlled to that as shown in Rg. 6, the 
temperature of the fuel and its surrounding gas is made 
lower than the level at which soot is produced, and 
therefore almost no soot is generated. The amount of 

50 NOx generated in this case is around 1 0 p.p.m. or tower, 
wh»h is consklerably small. 

[0043] If an increased amount of fuel is injected into 
the combustion chamber, the quantity of heat generated 
upon burning of the fuel increases, and therefore the 
55 quantity of heat at)sorfoed by the EGR gas must be 
increased so that the temperature of the fuel and its sur- 
rounding gas is maintained at a level lower than the 
temperature at whtoh soot is generated. Accordingly, 
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the amount of the EGR gas must be increased as the 
amount of fuel injected increases, as shown in Rg. 6. 
Nannely, the mount of the EGR gas needs to be 
increased as the required load is increased. 
[0044] In the load region Z2 of Fig. 6, on the other 
hand, the overall amount of intake gas X that is required 
for preventing generation of soot exceeds the overall 
amount of the intake gas Y that can be sucked or Intro- 
duced into the combustion chamber. In this case, there- 
fore, both the EGR gas and the intake air or only the 
EGR gas needs to be supercharged or pressurized so 
that the overall amount of intake gas X required for 
inhibiting generatton of soot is supplied into the com- 
bustion chamber 5. Where the EGR gas and others are 
not supercharged or pressurized in the load region Z2, 
the overall amount of intake gas X coinddes with the 
overall amount of intake gas that can be introduced into 
the connbustion chamber. To prevent generatton of soot 
in this case, therefore, the anrtount of the air is slightly 
reduced, and the anK)unt of the EGR gas is increased, 
so that the fuel is burned with the air-fuel ratio being 
controlled to be rich. 

[0045] As described akN)ve, Rg. 6 shows the case 
where the fuel Is tnimed at the stoichiometric air-fuel 
ratio. In the low-load engine operating region Z1 of Rg. 
6, however, the amount of NOx generated can be con- 
trolled to around 10 p.p.m. or less while preventing gen- 
eratbn of soot, even if the amount of the air is smaller 
than that as indk^ed in Rg. 6, and the air-fuel ratio is 
rich. Also, even if the amount of the air is made larger 
than that as indicated in Rg. 6 in the low-load operating 
region Z1 , and the average value of the air-fuel ratio is 
in a lean range of 17 to 18, the amount of NOx gener- 
ated can be controlled to around 10 p.p.m. or less while 
preventing generation of soot 

[0046] Although an excessive amount of fuel exists 
in the combustion chamber when the air-fuel ratio is 
rich, the e9(cessive fuel does not turn into soot since the 
combustion temperature is kept at a relatively low level, 
and therefore no soot is produced. Also, only a consid- 
erably small amount of NOx is generated at this time. If 
the combustion temperature is elevated, a small amount 
of soot is generated even where the average air-fuel 
ratio is lean or the air-fuel ratio is substantially equal to 
the stoichiometric air-fuel ratio. According to the present 
invention, on the other hand, the combustion tempera- 
ture Is controlled to a tow level, and therefore no soot is 
produced at all. Furthenmore, only a slight amount of 
NOx is generated. 

[0047] As described above, no soot is generated 
and a consMerably amount of NOx is produced inB- 
spective of the air-fuel ratio in the low-load engine oper- 
ating region Z1 , namely, irrespective of whether the air- 
fuel ratio is rich or equal to the stokrhiometric air-fuel 
ratio, or the average air-fuel ratio is lean. Accordingly, it 
is preferable to control the average air-fuel ratio to be 
lean in this case, to assure an Improved fuel consump- 
tion rate. 



[0048] The temperature of the fuel and its sunDund- 
ing gas upon combustion thereof in the combustion 
chamber is controlled to be equal to or tower than the 
level at whtoh the growttt of hydrocarbon is stopped mid- 

5 way, only when the engine toad is relatively low, and a 
small quantity of heat is generated by the combustion. 
In the embodiment of the present invention, therefore, 
when the engine load is relatively low, the first nruKle of 
combustion, or low-tenrtperature combustion, is carried 

10 out such that the temperature of the fuel and its sur- 
rounding gas upon combustion is controlled to be equal 
to or lower than the temperature level at whtoh the 
growtii of hydrocart)on Is stopped midway. When tiie 
engine load is relatively high, on the other hand, tiie 

IS second mode of combustion, or conventional combus- 
tion that has t>een ordinarily performed, is carried out In 
the first mode of combustion or low-temperature com- 
bustion, the amount of inert gas wittiln the combustion 
channber is larger than that at whtoh the amount of soot 

20 generated reaches a peak, as is apparent from the 
above explanation. In the second mode of combustion, 
or conventional comtnistion that has been ordinarily 
performed, the amount of Inert gas within the combus- 
. tion chamber is smaller than that at v^toh the amount of 

25 soot generated reaches a peak. 

[0049] Rg. 7 shows the first operating region I in 
whtoh the first nnode of combustion, or low^emperature 
comkHJstion, is conducted, and the second operating 
region II In whtoh the second mode of combustion, or 

30 conventional comtnjstion, is conducted. In Rg. 7, the 
verttoal axis L indtoates the amount of depression of the 
accelerator pedal 40, namely, the required load, and the 
horizontal axis N indk^es the engine speed. Also in 
Rg. 7, X(N) represents the first boundary between the 

35 first operating region I and the second operating region 
II, and Y(N) represents the second boundary between 
the first operating region I and the second operating 
region II. A shift from ttie first operating region I to the 
second operating region 11 is judged based on the first 

40 boundary X(N), and a shift from the second operating 
region II to the first operating regton I is judged based on 
the second boundary Y(N). 

[0050] More specifically, if the required load L 
exceeds the first boundary X(N) as a function of the 

45 engine speed N when the engine is operating in the first 
operating region I while performing low-temperature 
combustion, the engine is judged as shifting from the 
first operating region I to the second operating regton II, 
and combustion Is perfomned in the conventional com- 

50 bustion method. If the required load L Is subsequently 
reduced to be lower than the second boundary Y(N) as 
a function of the engine speed N, the engine is judged 
as shifting from the second operating regton II to the first 
operating region I, and low-temperature combustion is 

55 perfonmed again. 

[0051] Rg. 8 shows the output of the air-fuel ratio 
sensor 21 . As shown in Rg. 8, the output cun-ent I of the 
air-fuel ratio sensor 21 varies in accordance with the air- 
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fuel ratio A/F. Accordingly; the air-fuel ratio can be deter- 
mined from the output current I of the air^el ratio sen- 
sor 21. 

[0052] Referring next to Rg. 9, engine operation 
control in the first operating region I and the second 
operating region tl will be schematically explained. 
[0053] Rg. 9 shows the opening of the throttle valve 
16 against the required load L, the opening of the EGR 
control valve 23, the EGR rate, the air-fuel ratio, the 
injection timing, and the amount of fuel injected. In the 
first operation region I in which the required load L is rel- 
atively low, the opening of the throttle valve 1 6 gradually 
Increases from the vicinity of the fully closed position to 
at>out a half-open position as the required load L 
increases, and the opening of the EGR control valve 23 
increases from the vicinity of the fully closed position to 
the full-open position as the required load L increases, 
as shown in Rg. 9. In the first operation region t In the 
example of Rg. 9, the EGR rate Is controlled to atx>ut 
70%, and the air-fuel ratio is made slightly lean. 
[0QS4] In other words, the opening of the throttie 
valve 16 and the opening of the EGR control valve 23 
are controlled In the first operating region 1 so that the 
EGR rate is approximated to 70%, and the air-fuel ratio 
is made slightly lean. At this time, the air-fuel ratio is 
controlled to a target lean air-fuel ratio based on the out- 
put signal of the air-fuel ratio sensor 21 by con^cting or 
adjusting the opening of the EGR control valve 23. Also, 
the fuel is injected Into the combustion chamber before 
the piston reaches the compression top dead center 
TDC. In this case, the injection start timing OS is delayed 
as the required load L increases, and the injection com- 
pletion timing OE is also delayed with a delay in the 
injection start timing OS. 

[0055] In the meantinfte, while the engine is idling, 
the throttle valve 16 is placed in the vicinity of the fully 
closed position, and the EGR control valve 23 is also 
placed in the vicinity of the fully dosed position. With the 
throttie valve 16 ainnost fully dosed, the pressure within 
the conibustion chambers at the beginning of compres- 
sion is reduced, and therefore the compression pres- 
sure is reduced. As the compression pressure is 
reduced, compression work done by the piston 4 is 
reduced wrtt) a result of reduction in vibration of the 
engine main body 1. Namely, the throttle valve 16 Is 
placed in the vidnity of the fully dosed position during 
idling of the engine so as to suppress vibration of the 
engine main body 1. 

[OC^ When the operating region of the engine 
changes from the first operating region I to the second 
operating region II, the throttie opening suddenly 
Increases so that the throttie valve 16 shifts from the 
half-open position toward the full-open position. In the 
example shown in Rg. 9, the EGR rate falls from about 
70% down to 40% at this time, and the air-fuel ratio is 
suddenly increased. 

[0057] The engine performs conventional combus- 
tion in the second operating region II. Although some 



soot and NOx are produced in this connbustion mode, 
the engine exhibits an improved thermal effidency as 
compared with that in the case of low-temperature com- 
bustion, and therefore the amount of fuel Injected steps 
5 down as shown in Rg. 9 when the engine operating 
region changes from the first operating region I to the 
second operating region II. 

[0058] In the second operating region II, the throttie 
valves 1 6 of the engine except a part thereof are kept in 

10 the full-open state, and the opening of the EGR control 
valve 23 is gradually reduced as the required load L 
Increases. In this operating regton II, the EGR rate 
decreases with an Increase in the required load L, and 
the air^el ratk> decreases with an Increase in the 

15 required load L It is, however, to be noted that the air- 
fuel ratio is kept in the lean range even if the required 
load L is increased. In the second operating region II, 
the injection start timing OS Is In the vtelhity of the com- 
pression top dead center TDC. 

20 [0059] Rg. 1 0 shows the air-fuel ratio A/F in the first 
operating region I. In Rg. 10, respective curves lak>eled 
as A/F= 15.5, A/F= 16, A/F= 17, A/F= 18 indicate that 
the air-fuel ratio is 15.5, 16, 17, and 18, respectively, 
and the air-fuel ratio between the curves is determined 

25 proportionally. As shown in Rg. 10, the alr^uel ratio is 
lean in the first operating region 1, and the air-fuel ratio 
A/F is increased to be even leaner as the required load 
L is reduced in the first operating region 1. 
[0060] More specifically, the quantity of heat gener- 

30 ated upon combustion is reduced as the required load L 
is reduced. With a reduction in the required load L, 
therefore, low-temperature comtnjstion can be per- 
formed even with a reduced EGR rate. The air^uel ratio 
increases with a reductton in the EGR rate, and there- 

35 fore the air-fuel ratio A/F is increased with a reduction in 
the required load L as shown in Rg. 10. The fuel con- 
sumptfon rate is improved as the air-fuel ratio is 
increased. In the present embodiment, therefore, the 
air-fuel ratio A/F is increased to be as lean as possit)le 

40 as the required load L is reduced. 

[0081] As shown in Rg. 11, the fuel injection 
amount Q in the first operating region I is stored in 
advance in the ROM 32 in the fomn of a nriap as a func- 
tion of the required load L and the engine speed N. Also, 

45 the target opening ST of the throttie valve 16 that is 
required to make the air-fuel ratio equal to the target air- 
fuel ratio as indicated in Rg. 10 is stored in advance in 
the ROM 32 in the form of a map as a function of the 
required load L and the en^ne speed N, as shown In 

50 Rg. 12A. The target opening SE of the EGR control 
valve 23 required to make the air-fuel ratio equal to the 
target air-fuel ratio as indcated in Rg. 10 is stored in 
advance in the ROM 32 in the form of a map as a func- 
tion of the required load L and the engine speed N, as 

55 shown in Rg. 12B. 

[0062] Rg. 13 shows the target air-fuel ratio when 
the second mode of combustion, or ordinary combus- 
tion by the conventional combustion method, is per- 
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formed. In Rg. 13, respective curves labeled as A/F = 
24, A/F = 35, A/F = 46, and A/F = 60 indicate that the 
target air-fuel ratio is equal to 24, 35, 45, and 60, 
respectively. 

[0063] As shown in Rg. 14, the fuel injection s 
anrtount Q in the second operating region 11 is stored in 
advance in the ROM 32 In the form of a map as a func- 
tion of the required load L and the engine speed N. Also^ 
the target opening ST of the throttle valve 16 that is 
required to make the air-fuel ratio equal to the target air- 
fuel ratio as shown in Rg. 13. is stored in advance in the 
ROM 32 In the fonm of a map as a function of the 
required load L and the engine speed N, as shewn in 
Rg. 15A. The target opening SE of the EGR control 
valve 23 required to make the air-fuel ratio equal to the 
target air-fuel ratio as shown in Rg. 13 is stored in 
advance in the ROM 32 In the fbmn of a map as a func- 
tion of the required load L and the engine speed N. 
[0064] In the present embodiment, the particulate 
filter 19 canies thereon an NOx absort)ent The NOx 
absorbent includes alumina, for example, as a canier, 
and at least one selected from, for example, alkali met- 
als, such as potassium K. sodium Na, lithium U and 
cesium CS, alkali earth metals, such as barium Ba and 
cabtum Ca, and rare earth metals, such as lanthanum 
La and yttrium Y, and a noble metal such as platinum Pt. 
are carried on the carrier. Here, the ratio of the air to the 
fuel, whteh air is supplied to the engine intake passage, 
combustion dhsmber 5 and a portion of the exhaust 
passage located upstream of the particulate filter 19, 
will be called air-fuel ratio of exhaust gas. The NOx 
at>sort)ent perfonns NOx at)sorbing and releasing func- 
tions, namely, is adapted to absorb NOx when the air- 
fuel ratio of exhaust gas is lean, and release the thus 
at>sort>ed NOx when the air-fuel ratio of exhaust gas Is 
equal to the stoichiometric air-fuel ratio or rich. 
[0065] While the NOx at>sorbent actually perfonms 
NOx absorbing and releasing functions if the particulate 
filter 19 carrying the NOx at)sort)ent is disposed in the 
engine exhaust passage, detailed mechanisms of these 
NOx absorbing and releasing functions have not been 
clarified. It is, however, considered that the NOx absort>- 
ing and releasing functions be performed according to a 
mechanism as shown in F^. 16. While this mechanism 
will be hereinafter explained with respect to the case 
where platinum Pt and barium Ba are carried by the car- 
rier, a similar mechanism equally applies where other 
noble metal, alkali metal, alkali earth metal, and/or rare 
earth metal Is/are used. 

[0066] In the compression ignition type internal 
combustion engine as shown in Rg. 1 , combustion gen- 
erally takes place in the combustion chamber 5 in the 
conthtion that the air-fuel ratio is in a lean range. Where 
comtxjstion is earned out witti the air-fuel ratio being in 
a lean range, a high concentration of oxygen is con- 
tained in the exhaust gas, and oxygen O2 is deposited in 
the fomri of 02~ or 0^~ on the surface of platinum Pt as 
shown in Rg. 16A. On the other hand, NO contained in 



the flowing exhaust gas reacts with O2" or O^' on the 
surface of platinum Pt, to fonm 

N02(2NO + 02^2N02). 

Then, a part of NO2 thus fomied is absorbed Into tiie 
absort)ent while being oxKfized on platinum Pt, and dif- 
fused in the form of nitrate Ion NO^' while combining 
with t>arium cxtde BaO, as shown In Rg. 16A. In this 
manner, NOx is al>sort)ed in the NOx at)sorbent Thus, 
NO2 Is formed on the surface of platinum Pt as long as 
the exhaust gas contains a h^h concentration of oxy- 
gen, and NO2 is absorbed into the absorbent to form 
nitrate ton NO^ as long as the NOx at>sorbing capability 
of the al>sorbent is not saturated. 
[0067] If the air-fuel ratio of the flowing echaust gas 
turns rich, on the other hand, the oxygen concentration 
In the echaust gas is reduce^ and consequentiy the 
amount of NO2 fbmied on the surface of platinum Pt is 
reduced. If the amount of NO2 produced is reduced, the 
reaction proceeds in the reverse direction 

(N03-->N02). 

and thus nitrate ion NO3' is released in the form of NO2 
from the ak^sorbent At this time, NOx released from the 
NOx absort>ent reacts with unbumed HO and CO con- 
tained in exhaust gas, and is eventually reduced, as 
shown in Rg. 1 6B. if no NO2 is present on the surface of 
platinum R, NO2 is successively released from the 
absort)ent. Thus, NOx is released from the NOx absort>- 
ent in a short time once the air-fuel ratio of the flowing 
exhaust gas tums rich, and the released NOx is 
reduced, thus preventing NOx from being discharged or 
released to the atmosphere. 

[0068] In the at>cve case, NOx is released from the 
NOx at)sorbent even if the air-fuel ratio of the flowing 
exhaust gas Is sut^stantially equal to the stoichiometric 
air-fuel ratio. Where the air-fuel ratio of the flowing 
exhaust gas is controlled to the stoichiometric air-fuel 
ratio, however, NOx is only slowly released from the 
NOx absorbent, and therefore it takes a relatively long 
time to release the whole NOx absorbed in the NOx 
absorbent 

[0069] In the meantime, there is a limit to the NOx 
absort>ing capability of the NOx absorbent, and NOx 
needs to be released from the NOx absorbent k)efore 
the NOx absorbing capability of the NOx absorbent is 
saturated. To this end, there is a need to estimate the 
amount of NOx absorbed in the NOx at)sort)ent. In the 
present embodiment therefore, the amount of NOx 
absoriied "A* per unit time during the first mode of com- 
k)ustion is obtained in advance accordirig to a map as 
^own in Rg. 17A as a function of the required load L 
and the engine speed N, and the amount of NOx 
at)sort)ed 'B' per unit time during the second mode of 
combustion is obtained in advance according to a map 
as shown in Rg. 17B as a function of the required load 
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L and the engine speed N. Furthenmore, the amount of 
NOx released "C per unft time when the air-fuel ratio 
turns rich or becomes equal to the stoichiometric ratio 
during the first nfK>de of comtHJstion Is obtained in 
advance according to a map as shown in Rg. 1 7C as a 5 
function of the air-fuel ratio A/F and the amount of the 
intalce air OA. The total amount of NOx absorbed in the 
NOx absorbent ZNOX is then estimated by integrating 
or summing up the NOx absorption amounts *A' and "B* 
per unit time, and subtracting the NOx release amount 
*C* per unit time from the sum. In this connection, the 
amount of intake air is calculated based on the required 
load L and the engine speed N. 
[0070] In this emt>odiment of the present invention, 
NOx is released from the NOx absorfc>ent when the total 
NOx absorption amount ZNOX exceeds a predeter- 
mined permissible maximum value MAX. Namely, when 
the total NOx absorption amount ZNOX exceeds the 
permissible maximum value MAX while low-tempera- 
ture combustion is being performed, the air-fuel ratio in 
the combustion chamber 5 is temporarily controlled to 
be rich so that NOx can be released from the NOx 
at)Sort)ent As described above, substantially no soot Is 
produced even If the air-fuel ratio turns rich during low- 
temperature combustion. 

[0071] If the total NOx absorption amount £NOX 
exceeds the permissble maximum value MAX during 
the second mode of combustion, on the other hand, 
additional fuel is injected Into the comtxjstion chamber 
in the latter half of an expansion stroke or during an 
exhaust stroke. The amount of the additional fuel is 
determined so that the air-fuel ratio of exhaust gas flow- 
ing into the NOx absort>ent becomes rich. With the addi- 
tional fuel tiius injected, NOx is released from the NOx 
absort>ent 

[0072] Rg. 1 8 shows a control routine for setting an 
NOx release flag that is to be set when NOx should be 
released from the NOx absort>ent This routine is exe- 
cuted by intenupting a main control routine at certain 
time intervals. 

[0073] Referring to Rg. 1 8, step 1 GO is initially exe- 
cuted to determine whether a flag I indicating that the 
cun^ent engine operating region is the first operating 
region I is set or noL If the flag I is set, namely, if the 
engine is operating in the first operating region I, the 
control flow goes to step 101 to calculate the amount 
*A" of NOx absorbed per unit time, based on the map as 
shown in Rg. 17A. Step 102 is then executed to cak:u- 
late the amount 'C of NOx released per unit time, 
based on the map as shown in Rg. 1 70. In the next step 
103, "A" is added to the total NOx absorption amount 
£NOX, and "0* is subtracted from the total NOx absorp- 
tion amount ENOX. Step 1 04 is then executed to deter- 
mine whether the total NOx absorption amount TNOK 
exceeds the pemnissible maximum value MAX. If LNOX 
is larger than MAX, the control flow goes to step 105 to 
set the NOx release flag. 

[0074] If step 1 00 determines that the flag 1 is reset. 



namely, the cun^ent engine operating region is the sec- 
ond operating region II, the control flow goes to step 106 
to calculate the amount *B" of NOx absorbed per unit 
time, based on the map as shown in Fig. 178. In the 
next step 107, 'B* is added to the total NOx absorption 
anwunt £NOX. Step 1 08 is then executed to determine 
whether the total NOx absorption amount ZNOX 
exceeds the permissible maximum value MAX. If £NQX 
is larger than MAX, the control flow goes to step 109 to 
set the NOx release flag. 

[0075] In the meantime, SOx is also contained in 
exhaust gas, and the NOx absorbent absort>s SOx as 
well as NOx. The mechanism tyy whk:h SOx is at>sort)ed 
by the NOx at)Sorbent is considered to be substantially 
the sanr^ as the NOx atisorption mechanism as 
described at>ove. 

[0076] The mechanism by which SOx is absort>ed 
by the NOx absort)ent will be now explained with 
respedt to the case where platinum Pi and barium Ba 
are carried by the carrier, similarly to the case when the 
NOx absorption mechanism was explained. When the 
air-fuel ratio of exhaust gas is lean, oxygen O2 is depos- 
ited in the form of O2' or 0^~ on the surface of platinum 
Pt, and SO2 contained in the exhaust gas reacts with 
O2" or O^' on the surface of platinum Pt, thereby to form 
SO3. Then, part of SOsthus fomned is ak)sort)ed Into the 
atxsorbent while being further oxidized on platinum Pt, 
and diffuses within the absorbent in the form of sulfete 
ton S04^~ while combining with barium oxide BaO, to 
thus form stable sulfate BaS04. 
[0077] The sulfate BaS04 thus formed is stat>le and 
hard to decompose, and is therefore likely to remain as 
it is without t)eing decomposed even if the air-fuel ratio 
of exhaust gas is simply made rich. Accordingly, the 
annount of sulfate BaS04 In the NOx absort)ent 
increases with time, and the amount of NOx that can be 
absorbed by the NOx at)sorbent Is reduced witti tima If 
the temperature of the NOx absorbent becomes equal 
to or higher than a certain tennperature, e.g., 600 **G, the 
sulfate BaS04 decomposes within the NOx absort)ent, 
and SOx is released from the NOx absort)ent if the air- 
fuel ratio of the exhaust gas flowing Into the NOx 
absort>ent is controlled to be rich. 
[0078] In the present emk)odiment, when SOx 
should be released from the NOx at)sorbent, the tem- 
perature of the NOx absort>ent is maintained at a high 
level during the first mode of combustion, and the air- 
fuel ratio of the exhaust gas is controlled to be rich, so 
that SOx is released from the NOx absorbent 
[0079] Rg. 1 9 is a control routine for setting an SOx 
release flag when SOx should be released from the 
NOx absorbent. 

[0080] Refening to Rg. 1 9, step 1 20 is initially exe- 
cuted to calculate an integrated value TQ of the fuel 
injection amount by adding an amount 'Q* of fuel 
injected to £0. Step 121 is then executed to determine 
whether the integrated value TQ of the fuel injection 
annount has exceeded the pemnissible maximum value 
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QO. If ZQ becomes larger than QO, the control flow goes 
to step 122 to set the SOx release flag, and then goes 
to step 123 to make IQ equal to zera Since a certain 
amount of sulfur is contained in the fuel, the integrated 
value £Q of the fuel injection amount is proportional to 5 
the amount of SOx absorbed t>y the NOx absorbent 
When £Q becomes greater than QO, therefore, the SOx 
release flag is set 

[0081] As described above, a noble metal, such as 
platinum, is earned on the carrier of the NOx absorbent, 
and therefore the NOx absort}ent has an oxidizing func- 
tion When the engine is operating In the first operating 
region I, and low-temperature combustion is carried out, 
almost no soot is generated, but instead unbumed 
hydrocart>on as a precursor of soot or in the state prior 
to the precursor is discharged from the combustion 
chamber 5, as described above. Witii the NOx absort>- 
ent having an oxidizing function as described above, the 
unbumed hydrocart)on discharged from the combustion 
chaRiber 5 can be favorably oxidized by the NOx 
absortient 

[0082] In tiie meantime, particulates consisting of 
soot or soluble substances SOF are discharged from 
the combustion chamber, and suocesshrety deposited 
on the particulate filter 19. Accordingly, the amount of 
particulates deposited on the particulate filter 1 9 gradu- 
ally increases with time. In this embodiment of the 
present invention, the particulates are caused to bum 
when the amount of the particulates deposited on the 
particulate filter 19 exceeds its permissit)le amount In 
this case, the temperature at which the particulates are 
favorably bumed is in a range of eboxit 500 ""C to 600 °C. 
When the particulates are to t>e bumed, therefore, the 
temperature of the particulate filter 1 9 Is raised to 500^ 
- eoo^'C, and maintained at 500*»G - 600*»C until the 
combustion of all of the particulates is completed. 
[0083] In the present embodiment, whether the 
amount of the particulates deposited on the particulate 
filter 19 has exceeded the permissble value or not is 
judged from a difference in the pressure k)etween two 
locations upstream and downstream of the particulate 
fitter 19. 

[0084] Rg. 20 is a control routine for setting a PM 
(Particulate Matter) combustion flag when the particu- 
lates are to be bumed. As shown in Rg. 20, step 140 is 
initially executed to d^emnine whether a difference AP 
between the pressure on the upstream side of the par- 
ticulate filter 19 and that on the downstream side of the 
filter 19 has exceeded a permissible value PI or not If 
AP becomes larger than PI , the control fiow goes to 
step 141 to set the PM combustion flag. 
[0085] Referring next to Rg. 21 through Rg. 24, the 
PM combustion process, NOx release process and SOx 
release process will be now explained in detail. 
[0086] Rg. 21 shows the case where the PM conrv 
bustion flag is set in an attempt to bum particulates 
when the first mode of combustion (low-temperature 
combustion) takes place with the current average air- 



fuel ratio in the combustion chamber 5 being in a lean 
range. 

[0087] If the PM combustion fiag is set, the initial 
temperature raising control as shown in Rg. 21 is per- 
fonmed. In the example as shown in Rg. 21 , the average 
air-fuel ratio in the combustion chamt>er 5 Is controlled 
to be richer than said current average air-fuel ratio, pref- 
erably to be stoichiometric or rich, during the Initial tem- 
perature raising control. In this example of Rg. 21 , the 
initial temperature raising control is performed until the 
temperature of the particulate filter 19 detected t)y the 
temperature sensor 29 reaches the upper-limit temper- 
ature MAX suitable for combustion of the particulates. 
Rg. 21 also shows the lower-limit temperature MIN that 
is required to fiavorably continue comtnistion of the par- 
ticulates. 

[0088] In the compression ignition type intemal 
combustion engine as shown in F^. 1 , part of the air in 
the combustion chamber 5 is not used for combustion 
even if the average air-fuel ratio in the combustion 
chamber 5 is rich, and therefore a large amount of 
remaining oxygen and a large amount of unbumed HC 
are discharged from the combustion chamber 5. At this 
time, however, almost no soot Is generated, as 
described at>ove. If a large amount of remaining oxygen 
and a large amount of unbumed HC are discharged 
from the combustion chamber 5 in this manner, the 
unburned HC is oxidized in a moment on the particulate 
filter 19. As a result, a large quantity of heat due to the 
oxidizing reaction is generated, and therefore the tem- 
perature TC of the particulate filter 19 is elevated. 
[0089] The temperature TC of the particulate filter 
19 can also be relatively rapidly raised even where the 
average air-fuel ratio in the comknjstion chamber 5 Is 
equal to the stoichiometric air-fuel ratia In this case, 
however, the anrK>unt of unbumed HC discharged from 
the combustion chamber 5 is smaller than that in the 
case where the avemge air^uel ratio is rich, and there- 
fore the temperature TC of the particulate filter 18 can- 
not be raised as rapidly as in the case where the 
average air-fuel ratio is rich. Where the average air-fuel 
ratio in the combustion chamber 5 is lean, the amount of 
unburned HC discharged fix>m the connbustion chamt)er 
5 is small, and therefore the temperature of the particu- 
late filter 19 cannot be expected to increase rapidly in 
this case. 

[0090] In a stratified charge combustion type inter- 
nal combustion engine wherein an air-fuel mixture is 
formed in a limited region witiiin the combustion cham- 
ber, and the air^uel mixture is fired by a spark plug, a 
larger amount of remaining oxygen and a farge amount 
of unbumed HC are discharged from the combustion 
chamber if the average air-fuel ratio in the combustion 
chamt)er is rich. Thus, the present invention may be 
equally applied to such a stratified charge combustion 
type engine. 

[0091] Witti the initial temperature raising control 
thus perfbmned, particulates on the particulate filter 19 
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start burning. Once the combustion of particulates is 
started, temperature maintaining control is perfomrted in 
which the temperature TC of the particulate fitter 19 is 
nnalntained at a level equal to or higher than the lower- 
limit temperature MIN so that the particulates are con- 
tinuously burned. In order to keep burning the particu- 
lates, a sufficient amount of oxygen needs to be 
supplied to the particulate filter 19, and therefore the 
first mode of combustion is performed while the average 
air-fuel ratio in the combustion chamber 5 is controlled 
to be lean under the temperature maintaining control, as 
shown in Rg. 21. In the temperature maintaining con- 
trol, the average alr-fuel ratio may also be maintained at 
the stoichionnetric air-fuel ratio. 
[0092] If the temperature TC of the particulate filter 
19 is reduced down to ttie lower-ilmit temperature MIN 
during the temperature maintaining control, intermedi- 
ate temperature raising control is perfomned. In the 
intermediate temperature raising control, the average 
air-fuel ratio in ttie combustion chamber 5 is controlled 
to be richer than said current average air-fuel ratio, pref- 
erably stoichiometric or rich, in the first combustion 
mode, as shown in Rg. 21 . If the average air-fuel ratio in 
the combustion chamber 5 turns richer than said current 
average air-fuel ratio, preferably stoichiometric or rich, 
the temperature TC of the particulate filter 19 is raised. 
[0093] When the NOx release flag is set during the 
temperature maintaining control, NOx release control is 
perfonrad, and the average air-fuel ratio in the combus- 
tion chamber 5 is controlled to be rich in the first com- 
bustion mode, as shown in Rg. 21. As a result, NOx is 
released firom the NOx at)sorbent At this time, too, the 
temperature TC of the particulate filter 1 9 is raised. 
[0094] Rg. 22 shows the case where the PM conrv- 
bustion fiag set in an attempt to burn particulates dur- 
ing the second mode of combustion white the average 
air-fuel ratio in the combustion chamt)er 5 is lean. 
[0095] When the PM combustion flag is set, the ini- 
tial tentperature raising control is perfbnmed as shown in 
Rg. 22. The initial temperature raising control during the 
second mode of combustion is roughly classified into 
two methods. One of these methods is to increase the 
anrwunt of unbumed HC discharged, and the other 
method is to increase the temperature of exhaust gas. 
[0096] The first method of increasing the amount of 
unbumed HC discharged may be practiced in two man- 
ners. In one of the manners, the fuel injection timing is 
changed so as to increase the amount of unbumed HC 
generated In the combustion chamber 5. In the other 
manner, additional fuel is injected into the combustion 
chamber 5 after injection of main fuel, and then dis- 
charged from the comt>ustion chamber 5 without being 
completely bumed. 

[0097] The second method of increasing the tem- 
perature of exhaust gas may be practiced by delaying 
the fuel injection timing. As a method of increasing the 
temperature of exhaust gas by a targe degree, a small 
amount of auxiliary fuel is injected before injection of 



main fuel, and the injection timing of the main fuel is fur- 
ther delayed. In this connection, while the temperature 
of exhaust gas is increased as the injection timing of 
main fijel is delayed, misfiring may occur if the injection 

5 is too late. In this case, the injection timing can be 
delayed without causing misfiring of the engine if a 
small amount of auxilary fuel is injected, and conse- 
quently the temperature of the exhaust gas can be sig- 
nificantly increased. 

10 [0098] The initial temperature raising control may 
be perfomned in any of the methods as described 
above. As one example, there will be described the 
case where the injection timing is delayed upon the ini- 
tial temperature raidng control. 

15 [0099] If the fuel injection timing is delayed upon the 
initial temperature raising control, the temperature TC of 
the particulate filter 1 9 is raised as shown in Rg. 22, and 
combustion of particulates on the particulate filter 19 is 
started. If the temperature TC of the particulate filter 19 

20 is subsequently reduced down to the lower-limit temper- 
ature MIN, the primary temperature raising control is 
perfomned. Under the primary tentperature raising con- 
trol, the fuel injection timing is further delayed so that 
the temperature of exhaust gas is increased. If the tem- 

25 perature TC of the particulate filter 19 is reduced down 
to the lower-limit temperature MIN again, the secondary 
temperature raising control is performed. Under the 
secondary temperature raising control, auxiliary fuel is 
injected before Injection of main fuel, and at the same 

30 time the injection timing of the main fuel is further 
delayed, so that the temperature of exhaust gas is 
increased. 

[01 00] Also, NOx release control is performed when 
the NOx release fiag is set, and an additional fuel is 

35 injected during an expansion stroke or exhaust stroke of 
the engine after the injection of PDaln fuel so that the 
average air-fuel ratio in the combustion chamber 5 
becomes rich, as shown In Rg. 22. As a result, NOx is 
released from the NOx akisorbenL At this time, too, the 

40 temperature TC of the partculate filter 1 9 is elevated. 
[0101] Rg. 23 shows a SOx release process. In the 
present embodiment, when the SOx release flag is set, 
the average air-fuel ratio in the comt)ustk>n chamber 5 is 
maintained in a rich range in the first combustion mode 

45 as shown in Rg. 23 until release of SOx is completed. 
[0102] Rg. 24A and Rg. 24B show the case where 
ft was determined that combustion of particulates, or 
PM combustion process, and SOx release process 
should be both conducted at the same time. More spe- 

50 dfically, where the amount of SOx absort>ed in the NOx 
absorbent is larger than a predetennined value when 
the PM combustion flag is set, or where the anrraunt of 
partkxilates deposited onto the particulate filter 19 is 
larger than a predetemrtined value when the SOx 

55 release flag is set, it is determined that the PM combus- 
tion process and the SOx release process should be 
both canied out at the same time. In this case, the SOx 
release process mey be executed immediately after 



12 



23 



EP1079084 A2 



24 



completion of the PM combustion process, as shown in 
Rg. 24A, or the PM combustion process may be exe- 
cuted immediately after completion of the SOx release 
process, as shown in Rg. 24B. 
[0103] Referring next to Rg. 25, operation control 
will be now explained. In Rg. 25, step 200 is initially exe-. 
cuted to determine whether the flag I is set or not, 
namely, whether the engine is cumently in the first oper- 
ating region I. if the flag I is set, namely, if the engine is 
in the first operating region I, the control flow goes to 
step 201 to determine whether the required load L 
becomes larger than the first bounctery X1(N). If L is 
equal to or smaller than XI , the control flow goes to step 
203 in which low-temperature comknistion is performed. 
[01 04] More specrficalty, in step 203, a target open- 
ing ST of the throttle valve 1 6 is obtained from the map 
as shown in Rg. 12A, and the opening of the throttle 
valve 16 is controlled to the target opening ST. In the 
next step 204, a target opening SE of the EGR control 
valve 23 is obtained from the map as shown in Rg. 12B, 
and tfie opening of the EGR control valve 23 is control- 
led to the target opening SE. Step 205 is then executed 
to determine whether either the PM combustion flag or 
the SOx release flag is set or not. If neitherthe PM com- 
bustion flag nor the SOx release flag is set, the control 
flow goes to step 206. 

[0105] In step 206, it is determined whether the 
NOx release flag is set or not If the NOx release flag is 
not set, the control flow goes to step 207 to perform fuel 
injection based on the map as shown in Rg. 1 1 so as to 
provide the air-^el ratio as Indicated in Rg. 10. At this 
time, tow-temperature combustion is perfonmed with a 
lean air-fuel ratio. If step 206 determines that the NOx 
release flag is set, the control flow goes to step 208 in 
which fuel injection control is perfomned so that the 
average air-fuel ratio in the comtnistion chamber 5 
t>ecomes rich. As a result, NOx is released from the 
NOx absoit>ent Step 209 is then executed to reset the 
NOx release flag. 

[0106] When step 205 detemnines that either the 
PM combustion flag or the SOx release flag is set, the 
control flow goes to step 21 0 to detemnine whether both 
of the PM combustion process and SOx release proc- 
ess should be executed at the same time. If step 210 
determines that the PM combustion process and the 
SOx release process need not t>e both executed at the 
same time, the control flow goes to step 21 1 to deter- 
mine whether the PM combustion flag is set or not 
[0107] If the PM combustion flag is set, the control 
flow goes to step 212 to carry out the PM combustion 
process I as shown in Rg. 21 . A routine for implement- 
ing the PM combustion process I is illustrated in Rg. 27. 
If the PM combustion flag is not set, namely, when the 
SOx release flag is set, on the other hand, the control 
flow goes to step 213 to carry out the SOx release proc- 
ess as shown in Rg. 23. A routine for implementing the 
SOx release process is illustrated in Rg. 29. 
[01 08] When step 21 0 determines that the PM com- 



bustion process and the SOx release process should be 
both executed at the same time, on the other hand, the 
control flow goes to step 214 to carry out the PM com- 
bustion and SOx release process as shown In Rg. 24A 

5 or Rg. 248. A routine for implementing the PM combus- 
tion and SOx release process shown in Rg. 24 A is illus- 
trated in Rg. 30 and Rg. 31, and a routine for 
implementing the PM comkxjstion and SOx release 
process shown In Rg. 24B is illustrated in Rg. 32 and 

10 Rg. 33. 

[0109] If step 201 determines that L is larger than 
X(N), the control flow goes to step 202 to reset the flag 
I, and the control flow goes to step 217 to perform the 
second mode of combustion. More specifically, in step 

15 217, a target opening ST of the throttle valve 16 is 
obtained from the map as shown In Rg. 15A, and the 
opening of the throtUe valve 1 6 is controlled to the target 
opening ST. In the next step 21 8, a target opening SE of 
the EGR control valve 23 is obtained from the map as 

20 shown in Rg. 15B, and the opening of the EGR control 
valve 23 is controlled to the target opening SE. 
[0110] Step 219 is then executed to detemnine 
whether the PM combustion flag is set or not When the 
PM combustion flc^ Is not set, the control flow goes to 

25 step 220 to detemnine whether the NOx release flag is 
set or not If the NOx release flag is not set, the control 
flow goes to step 221 in which fuel injection is per- 
formed based on the map as shown in Rg. 14 so as to 
provide the air-fuel ratio as indicated in Rg. 13. At this 

30 time, the second mode of combustion is perfomried with 
a lean air-fuel ratio. If step 220 detemiines that the NOx 
release flag Is set, on the other hand, the control flow 
goes to step 222 in which additional foel is injected into 
the combustion chamber so that the air^uel ratio of 

35 exhaust gas flowing into the NOx absorbent tums rich. 
[01 1 1 ] If step 219 determines that the PM connbus- 
tion flag is set, on the other hand, the control flow goes 
to step 224 to execute the PM combustion process II as 
shown in Fig. 22. A routine for implementing the PM 

40 combustion process II is illustrated in Rg. 28. 

[0112] If the flag I is reset, the control flow goes 
from step 200 to step 215 in the next control cyde, to 
determine whether the required load L gets smaller than 
the second boundary Y(N). If L is equal to or greater 

45 than Y(N), the control flow goes to step 217 to perform 
the second mode of comtxjstion. If step 215 detennines 
that the required load L is snrmiler than the second 
boundary Y(N), on the other hand, the control flow goes 
to step 216 to set the flag I. The control flow then pro- 

50 ceeds to step 203 to perform low-temperature combus- 
tion. 

[0113] Next, the PM combustion process I as 
shown in Rg. 27 will be explained with reference to Rg. 
21. 

55 [01 1 4] Refemng to Rg. 27, step 300 is initially exe- 
cuted to determine whether the initial temperature rais- 
ing control has been completed or not If the initial 
temperature raising control has not been completed, the 
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control flow goes to step 301 to perform the initial tenrh 
perature raising control, and then goes to step 308. If 
step 300 determines that the initial temperature raising 
control has been conrtpleted, step 302 is then executed 
to detennine whether the tenrtperature TC of the partic- 5 
ulate filter 19 is lower tf»n the lower-limit temperature 
MIN. If TCls equal to or higher than MIN, the control 
flow goes to step 303 to perform temperature maintain- 
ing control, and then goes to step 305. If step 303 deter- 
mines that TC is lower than MIN, on the other hand, the 
control flow goes to step 304 to start intermediate tem- 
perature control. Once TC falls below MIN, the intenne- 
diate temperature control is kept performed until the 
temperature TC of the particulate filter 19 reaches the 
upper-limit temperature MAX. 
[0115] In step 305, it is determined whether the 
NOx release flag is set or not If the NOx release flag is 
not set, the control flow goes to step 308 skipping steps 
306 and 307. If step 305 determines that the NOx 
release flag is set, on the other hand, the control flow 
goes to step 306 to control the fuel injectton amount so 
that the air-fuel ratio becomes rich, and then goes to 
step 307 to reset the NOx release flag. Step 308 Is then 
executed to determine whether a difference AP in the 
pressure detected by the differential pressure sensor 20 
becomes smaller than a predetennined value P2, and if 
an affirmative dectston (YES) is obtained in step 308, 
namely, if AP < P2, the control flow goes to step 309 to 
reset the PM connt>ustion flag. 

[0116] The PM comt)ust!on process II as shown in 
Rg. 28 will be explained with reference to Rg. 22. 
[0117] Referring to Fig. 28, step 400 is initially exe- 
cuted to detenmine whether a certain period of time has 
elapsed since the PM combustion flag is set If the 
above certain time has not elapsed, the control flow 
goes to step 401 to zero the value C that represents the 
state of the temperature raising control. Step 405 is thien 
executed to determine whether C is zero or not, and, 
when C is equal to 0, the control flow goes to step 407 
to perform the initial temperature raising control. The 
control flow then proceeds to step 410. If step 400 
determines that a definite period of time has elapsed 
since the PM combustion flag is set, the control flow 
goes to step 402 to determine whether It Is cumently 
wrttiln a wait tinrte that starts upon switching from the ini- 
tial temperature raising control to the primary tempera- 
ture raising control. The control flow goes to step 403 
when the initial temperature raising control is per- 
formed. 

[0118] In step 403, it is determined whether the 
temperature TC of the particulate filter 1 9 falls below the 
lower-limit temperature MIN or not If TC is equal to or 
higher than MIN, the control flow goes to step 405, and 
then goes to step 407 to continue the initial temperature 
raising control. If step 403 detemiines that TC is lower 
than MIN, on the other hand, the control flow goes to 
step 404 to increment C by 1 . After execution of step 
405, step 406 is executed to determine whether C is 



equal to 1 or not Since C is equal to 1 in the cun^nt 
control cycle, the control flow goes to step 408 to per- 
fomri the primary tennperature raising control, and then 
goes to step 41 0. For a definite period of time that starts 
upon switching from the initial temperature raising con- 
trol to the primary temperature raising control, it is 
determined to be within the waiting time, and therefore 
the control flow goes from step 402 to steps 405, 406, 
408, to keep performing the primary temperature raising 
control. 

[0119] Upon a lapse of the wait time, the control 
flow goes from step 402 to step 403. If step 403 deter- 
mines that TC is lower than MIN, the control flow goes 
to step 404 to make C equal to 2. At this time, therefore, 
the control flow goes from step 406 to step 409 to per- 
fomi the secondary temperature raising control. 
[012O] In step 410, it is determined whether the 
NOx release flag is set or not When the NOx release 
flag is not set, the control flow jumps to step 413. If step 
410 determines that the NOx release flag is set, the 
control flow goes to step 41 1 to control the amount of 
fuel injected so as to make the air-fuel ratio rich, and tiie 
NOx release flag is reset in step 412. Step 413 is then 
executed to determine whether a difference AP in the 
pressure detected by the differential pressure sensor 20 
is smaller than a predetermined value P2, and when AP 
Is smaller than the predetermined value P2, the control 
flow goes to step 414 to reset the PM connbustion flag. 
[0121] Next, the SOx release process as shown in 
Rg. 29 will be now explained with reference to Rg. 23. 
[0122] Refem'ng to Rg. 29, step 500 is initially exe- 
cuted to control the fuel injection amount so that the 
average air-fuel ratio in the combustion chamber 5 
becomes rich. Step 501 is then ^ecuted to reset the 
NOx release flag. Step 502 is then executed to deter- 
mine whether the operation to release SOx at>sort>ed in 
the NOx absort)ent has been completed or not If the 
SOx releasing operation is completed, the control flow 
goes to step 503 to reset the SOx release flag. 
[0123] The PM combustion and SOx release proc- 
ess as shown in Rg. 30 and Rg. 31 will be now 
explained with reference to Rg. 24A. 
[0124] Refem'ng to Rg. 30 and Fig. 31 , step 600 is 
initially executed to detenmine whether PM contiustion 
process has been completed or not When the PM com- 
bustion process is not completed, the control flow goes 
to step 601 to determine whether the initial temperature 
raising control has been corrtpieted. When the initial 
temperature raising control has not been completed, the 
control flow goes to step 602 to perform the initial tem- 
perature raising control, and the control flow then goes 
to step 609. If step 601 determines that the initiat tem- 
perature raising control has been completed, the control 
flow goes to step 603 to determine whether the temper- 
ature TC of the particulate filter 1 9 falls below the lower- 
limit temperature MIN. When TC is equal to or higher 
than MIN, the control flow goes to step 604 to perform 
temperature maintaining control, and then goes to step 
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606. If step 603 determines that TC is lower than MIN, 
the control flow goes to step 605 to start intemiediate 
temperature control. Once TC falls below MIN, the inter- 
mediate temperature control is kept performed until the 
temperature TC of the particulate filter 18 reaches the 5 
upper-limit temperature MAX. 
[0125] In step 606, it is determined whether the 
NOx release flag is set or not If NOx release flag is not 
set, the control flow goes to step 609 skipping steps 607 
and 608. tf step 606 determines that the NOx release 10 
flag is set, the control flow goes to step 607 to control 
the fuel injectton amount so that the air-fuel ratio 
becomes rich, and then goes to step 608 to reset the 
NOx release flag. In step 609, it is determined whether 
a difference AP in the pressure detected by the differen- is 
tial pressure sensor 20 is equal to or smaller than a pre- 
determined value P2. If AP is smaller than P2, the 
control flow goes to step 610 to reset the PM combus- 
tion flag. 

[0126] If step 600 detenmines that the PM combus- 20 
tion process has been completed, the control flow goes 
to step 61 1 to control the fuel injection amount so that 
the average air-fuel ratk) In the combustton chamber 5 
becomes rich. Step 612 Is then executed to reset the 
NOx release flag. In the next step 613. it is detemiined 25 
whether the operation to release SOx at>sort)ed in the 
NOx absort)ent has been completed. If the SQx releas- 
ing operating has been completed, the control flow goes 
to step 61 4 to reset the SOx release flag. 
[0127] Next, the PM comtnjstion and SOx release 30 
process as shown in Rg. 32 and Rg. 33 will be 
explained vnth reference to Fig. 246. 
[0128] Referring to Rg. 32 and Rg. 33, step 700 is 
initially executed to determine whether the SOx release 
process has been connpleted or not If the SOx release 3s 
process has not been completed, the control flow goes 
to step 701 to control the amount of fuel injected so that 
the average air-fuel ratk> in the combustion chamber 5 
becomes rich. Step 703 is then executed to detemnine 
whether the operation to release SOx at>sort)ed in the 40 
NOx absort>ent has been completed or not If the SOx 
releaang operation has been completed, the control 
flow goes to step 704 to reset the SOx release flag. 
[0129] tf step 700 determines that the SOx release 
process has been completed, the control flow goes to 45 
step 705 to detemnine whether the temperature TC of 
the particulate Alter 19 falls below the lower-limrt tem- 
perature MIN. If TC is equal to or higher than MIN, the 
control flow goes to step 706 to perform temperature 
maintaining control, and then goes to step 708. If step so 
705 detenmines that TC is lower than MIN, on the other 
hand, the control flow goes to step 707 to start intemie- 
diate temperature control Once TC fajls below MIN, the 
intermediate temperature control is kept performed until 
the temperature TC of the particulate filter 19 reaches ss 
the upper-limrt temperature MAX. 
[0130] In step 708, it is determined whether the 
NOx release flag is set or not If the NOx release flag is 



not set, the control flow goes to step 71 1 skipping steps 
709 and 710. If step 708 detemnines that the NOx 
release flag is set, the control flow goes to step 709 to 
control the fuel injection amount so as to make the air- 
fuel ratio rich. Step 710 is then executed to reset the 
NOx release flag. In ttie next step 71 1 , it is determined 
whether a difference AP in the pressure detected by the 
differential pressure sensor 20 becomes smaller than a 
predetermined value P2 or not If AP t)ecomes snmller 
than P2, the control flow goes to step 712 to reset the 
PM combustion flag. 

[0131] In the Illustrated embodiment as descrit>ed 
atx>ve, when the particulates should be bumed, the 
temperature of the partk^ulate trapping device can be 
rapidly raised to a level at whk:h the particulates can be 
bumed. 

[0132] An internal combustion en^ne is provided 
which is selectively operable In the first combustion 
mode in whk:h the amount of EGR gas in the combus- 
tion chamber (5) is terger than that of the EGR gas with 
whk:h the amount of soot generated reaches a peak, 
and the second comknjstion mode in which the amount 
of EGR gas in the combustion chamber (5) Is smaller 
than that of the EGR gas with which the amount of soot 
generated reaches the peak. A particulate trapping 
dev»e (1 8) that carries an NOx absort)ent is disposed in 
an exhaust passage of the engine. When the tempera- 
ture of the particulate trapping devtoe (18) should be 
increased to a temperature level at which particulates 
can t>e bumed, the average air-fuel ratio in the combus- 
tion chamber (5) is temporarily controlled to be richer 
than the current average air-fuel ratio. 

Claims 

1. An internal comtnjstion engine wherein the amount 
of soot generated gradually increases and reaches 
a peak as the amount of inert gas in a conrtbustion 
chamber (5) increases, wherein 

the amount of inert gas in the combustion 
chamber (5) can be furttier increased beyond a 
point at which the amount of soot generated 
reaches the peak; wherein 
a particulate trapping device (18) is di^osed in 
an engine exhaust passage, the partk:ulate 
trapping devbe (18) connprising an NOx 
absort>ent capable of absortxng NOx contained 
in exhaust gas when the alr-^l ratio of the 
exhaust gas is lean, and capable of releasing 
the NOx absorbed in the NOx absort>ent when 
the air-fuel ratio of tiie exhaust gas is sut)Stan- 
tially equal to the stok:hiometric air-fuel ratio or 
rich; and wherein. 

If the temperature of the partknjiate trapping 
device (18) is required to be increased to lie 
within a temperature range at whk^ particu- 
lates can be bumed under conditions that the 
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amount of inert gas in the combustion chamber 
(5) Is larger than that of inert gas with which the 
.amount of soot generated reaches the peak 
and that the current average a!r-4uel ratio In the 
combustion chamber is lean, the average air- 5 
fuel ratio in the combustion chamber is at least 
temporarily controllable to be richer than said 
current average air-fuel ratio. 

2. An internal combustion engine according to claim 1, 10 
wherein 



3. An intemal connbustion engine according to daim 1 
or 2, wherein 

an exhaust gas recirculation system (22, 23) is 
provided for recirculating exhaust gas dis- 
charged from the combustion chamber (5), into 
an engine intake passage, and said Inert gas 
consists of the exhaust gas rednculated by the 
exhaust gas recirculatton system. 

4. An intemal combustton engine according to daim 2 
or 3, wherein 

after the average air^uel ratio in the connbus- 
tion chamber (5) is temporarily controlled to be 
stofehk>metric or rk:h, a temperature control 
operation is perfomned so that the temperature 
of the particulate trapping device (1 8) is main- 
tained in the temperature range in whk:h the 
particulates are tnjmed, under a condition that 
the amount of inert gas in the combustion 
chamber (5) is larger than that of inert gas with 
which the amount of soot generated reaches 
the peak. 

5. An intemal comtnistion engine according to claim 4, 
wherein 

the average air-fuel ratio in the combustion 
chamfc)er (5) Is kept lean or substantially equal 
to the stoichtometric air-fuel ratio when the 
temperature of the particulate trapping device 
(18) is maintained in the temperature range in 
which the partteulates are bumed. 

6. An intemal combustion engne according to daim 5, 
wherein 

when the temperature of the partk:ulate trap- 
ping device (1 8) is lowered during the tempera- 
ture control operation for maintaining the 
temperature of the particulate trapping device 



(1 8) in the temperature range in wh'ch the par- 
ticulates are bumed, the average air-fuel ratio 
in the combustion channt>er is controlled to be 
stdchiometric or rich if the current average air- 
fuel ratio is lean, and is controlled to be rbh if 
the current average air-fuel ratio is equal to the 
stdchiometric air-fuel ratio. 

7. An internal combustion engine according to any 
one of claims 1-6, wherein 

the average air-fliei ratio in the combustion 
chamber (5) is temporarily controlled to be rich 
when NOx should be released from the NOx 
absorbent under a condition that the amount of 
inert gas in the combustion chamber (5) is 
larger than that of inert gas with which the 
amount of soot generated reaches the peak. 

8. An internal combustion engine according to any 
one d claims 1-7, wherein 

the average air-fuel ratio in the comtnistion 
chamber Is controlled to be stofehlometric or 
rich when SOx should be released from the 
NOx at>sorbent under a concfition that the 
amount of inert gas in the connbustion chamber 
(5) is larger than that of inert gas with whk:h the 
amount of soot generated reaches the peak. 

9. An internal combustion engine according to any 
one d daims 1 -8, wherein 

when it is determined that the partbulates 
caught by the particulate trapping device (1 8) 
should t>e bumed and SOx should be released 
from the NOx absort)ent under a condition that 
the amount of inert gas in the combustion 
chamt>er (5) is larger than that of inert gas with 
which the amount of soot generated reaches 
the peak, an operation to release SOx from the 
NOx at>sorbent follows completion of combus- 
tion of the particulates, or the combustion of the 
particulates follows completion of the operation 
to rdease SOx from the NOx absorbent 

10. An internal combustion engine according to any 
one d daims 1-9, wherein 

switching means Is provided for operating the 
engine in a selected one of the first combustion 
mode in which the amount of inert gas in the 
combustion chamber (5) Is larger than that of 
inert gas with whk:h the amount of soot gener- 
ated reaches the peak and almost no soot is 
generated, and the second comt)ustion mode 
in whk:h the amount of inert gas in the combus- 
tion chamber (5) is smaller than tiiat of inert 



the average air^uel ratio in the combustion 
chamber (5) Is at least temporarily controllable 
to be stochiometric or rich: is 
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gas with which the amount of soot generated 
reaches the peak, with the fuel injection being 
at>le to be cfivtded into a main fuel injection and 
an auxiliary or additional fuel injection. 

5 

11. An intemal combustion engine according to dalm 

10, wherein 

the amount of unbumed HC discharged from 
the combustion chamber (5) is increased or the io 
temperature of exhaust gas is increased when 
the temperature of the particulate trapping 
device (1 6) should be increased to lie within the 
temperature range at which particulates can be 
bumed while the engine is operating in the sec- is 
ond combustion mode with the average air-fuel 
ratio in the comtxistlon chamber (5) bmng lean. 

12. An intemal comtHJStion engine according to daim 

11, wherein 20 



13. An intemal combustion engine according to claim 
11, wherein 30 



14. An intemal combustion engine according to daim 40 
1 1 , wherein 



15. An Intemal combustion engine according to any 
one of daims 1 0-14, wherein 



when NOx should be released from the NOx 
at)sorbent while the engine is operating in the 
second combustion mode, the air-fuel ratio of 
the exhaust gas is tennporarily controlled to be 
rich by performing the additional fuel injection 
after the main fuel injection. 

16. An Intemal comtMJstion engine according to any 
one of daims 10-15, wherein 

the engine operates in a selected one of the 
first operating region in which a required load Is 
relatively small, and the second operation 
region in which the required load is relatively 
large, and that combustion In the first operating 
region is performed in the first combustion 
mode, and combustion in the second operating 
region is performed in the second combustion 
mode. 

17. A method of controlling an intemal combustion 
engine wherein the amount of soot generated grad- 
ually increases and reaches a pealc as the amount 
of inert gas in a combustion chamber (5) increases, 
and wherein a particulate trapping device (18) is 
disposed in an engine exhaust passage, the partic- 
ulate trapping device comprising an NOx absorbent 
capable of atisortNng NQx contained in exhaust gas 
when the air-fuel ratio of the exhaust gas is lean, 
and capat)le of releasing the NOx absorbed in the 
NOx absort)ent when the air-fuel ratio of the 
exhaust gas is substantially equal to the stdchio- 
metric air-fuel ratio or rich, said method being char- 
acterized by: 

further increasing the amount of inert gas in the 
conrttHistion chamber (5) when appropriate 
beyond a pdnt at which the amount of soot 
generated reaches the peak, so that the tem- 
perature of fuel and Its surrounding gas upon 
combustion within the combustion charht>er (5) 
becomes lower than temperatures at which 
soot Is produced, whereby almost no soot is 
produced; and 

at least temporarily corrtrolling the average air- 
fuel ratio in the combustion chamber (5) to be 
richer than the cun^nt average air-fuel ratio if 
the temperature of the particulate trapping 
devtee (18) is required to be increased to a 
temperature level at whbh particulates can be 
bumed under conditions that the amount of 
inert gas in the combustion chamber (5) is 
larger than that of inert gas with whbh the 
amount of soot generated reaches the peak 
and that the current average air-fuel ratio in the 
combustion chamber (5) is lean. 
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the amount of unbumed HC cfischarged from 
the combustion chamber (5) Is increased by 
changing the timing of fuel Injection into the 
combustion chamber (5) or performing the 25 
additional fuel injection after the main fuel 
injection. 



the temperature of the exhaust gas is 
increased by delaying the timing of fuel injec- 
tion into the combustion chamber (5), or per- 
forming the auxiliary fuel injection with a small as 
amount of fuel before the main fuel injection 
and also delaying the injection timing of the 
main fuel. 



if the temperature of the particulate trapping 
device (1 8) fiails to be increased to lie wittiin the 
temperature range at whk:h the particulates 45 
can be bumed even if the timing of fuel injection 
into the comtHJstton chamber (5) is delayed, or 
the temperature of the partknjiate trapping 
device (18) is reduced to be fower than a pre- 
determined temperature during combustion of so 
the partculates, the temperature of exhaust gas 
is increased by performing the auxiliary fuel 
injection with a small amount of fuel before the 
main fuel injection and also further delaying the 
Injection timing of the main fuel. 55 
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